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 A Introduction and Overview 
7 
A  INTRODUCTION AND OVERVIEW 
Climate change mitigation requires a rapid decrease of global emissions of greenhouse gases 
(GHGs)  from  their  present  value  of  8.4  GtC/year  to  –  as  of  current  knowledge  –about  1 
























































only, by developing also an evaluation tool – a multiregional computable general equilibrium B The past and current carbon content of Austrian Trade (Input Output Analysis) 
9 
model  of  Austrian  trade  with  its  trading  partners  across  the  world,  and  specified  energy 
balance and carbon emission data for each country and/or world region. We simulate a range 
of possible post‐Kyoto policies with this tool and report results. This tool is now available also 









•  to  analyze  the  consequences  of  envisioned  climate  policies  for  the  post‐Kyoto  era 
(both  EU  stand  alone,  but  also  more  global  solutions),  for  Austrian  trade,  output, 
transport  and  carbon  emissions,  as  well  as  the  effects  on  Austria’s  main  trading 
partners  (Germany,  Italy,  Russia,  USA,  China)  and  other  world  regions  (EU,  North 
America excl. USA, Latin America, different Asian regions, Africa). 
To address the first objective, we use a multicountry input output analysis with high sectoral 
and  regional  detail  (57  sectors  and  113  regions).  This  method  is  particularly  suitable  to 







The  second  objective  is  directed  towards  the  future,  namely  the  assessment  of  different 
climate policy scenarios for the post Kyoto era (climate policy up to 2020). This question can 
best be addressed within a Computable General Equilibrium (CGE) framework which is also 
based  on  input  output  tables  but  extended  by  household  and  government  data  (taxes, 

















in the base data as noted in the respective sections. B The past and current carbon content of Austrian Trade (Input Output Analysis) 
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B  THE PAST AND CURRENT CARBON CONTENT OF AUSTRIAN 
TRADE (INPUT OUTPUT ANALYSIS) 
This section aims at quantifying the CO2 emissions embodied in international trade on the 
basis of the Consumption‐Based Principle (CBP) for Austria. At a methodological level, Multi 













magnitude  between  CBP  and  PBP  indicators  as  well  as  the  dimensions  of  carbon  leakage, 
results  suggest  a  re‐thinking  of  the  accounting  basis  in  order  to  properly  assign  CO2 
responsibilities. Otherwise, the unilateral character of undergoing climate change mitigation 
policies  could  partially  be  undermining  emissions  responsibilities  by  reallocating  pollution 
towards those regions without strict environmental commitments. 















countries  (IPCC,  2007).  The  literature  usually  refers  to  this  accounting  system  as  the 








non‐constrained  countries  above  their  baseline  levels.  This  can  occur  through  the 
relocation  of  energy‐intensive  production  in  non‐constrained  regions”  (IPCC  2007).  In 

















creating  clean  and  natural  environments  within  their  borders,  while  displacing  pollution 
beyond  their  geographical  limits  into  countries  with  lower  environmental  standards  and 




reattribution  of  embodied  environmental  pressures  associated  with  exports  to  foreign 

















set  out  in  order  to  estimate  CO2  emissions  from  CBP.  Section  4  shows  the  results,  while 
section 5 presents a discussion and concluding remarks.  Carbon Content of Austrian International Trade 
14 






















































































































Figure 2-1: CO2 emissions on the basis of PBP and main macroeconomic aggregates for the years 











































































































Figure 2-2: Austria’s CO2 intensities for the period 1960-2006 (Index, 1990=100). 
Source: IEA (2008) 
 













3,  for  instance  see:  Ahmad  and  Wyckoff  (2003);  Lenzen  et  al.  (2004);  Peters  and 
Hertwich  (2006);  Weber  and  Matthews  (2007);  Andrew  et  al.  (2008);  Giljum  et  al.  (2008); 
Peters and Hertwich (2008); Nakano et al. (2008); Wiedmann et al. (2007). In this realm, the 
above  topics  mainly  refer  to:  carbon  leakage,  natural  resource  use,  CO2  responsibilities, 
ecological footprint, and household impacts. 
MRIO  models  can,  as  Lenzen  et  al.  (2004)  points  out,  be  classified  in  three  categories: 



















Finally,  a  multidirectional  trade  model  considers  a  full  feedback  loop  trade  across  world 











The  current  study  has  therefore  adopted  this  last  concept.  The  model  and  data  will  be 
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The model can be extended to CO2 impacts in this case (or other variables of interest) by pre‐
multiplying both sides of Eq.(6) by a diagonalized intensity vector of CO2,  ˆ f  , giving sectoral 
CO2  emissions  divided  by  sectoral  output.  The  pre‐multiplication  of  the  diagonalized  CO2 
















model  to  more  regions  is  deducted  in  a  straightforward  way  (for  further  details  see,  for 
example, Miller and Blair, 2009 or Peters, 2004). 
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the  analysis  given  presents  and  compares  both,  emissions  embodied  in  the  final  demand 
sectors which drive the emissions in the domestic territory as well as abroad, and those sectors 
more affected by consumption in Austria and other regions across the world.  
4.1  A Production-based Principle versus a Consumption-Based Principle 
In  order  to  allocate  the  CO2  responsibilities  according  to  the  level  and  composition  of 
consumption, it is necessary to reattribute embodied environmental impacts associated with 
exports  to  foreign  countries,  and  to  add  to  domestic  environmental  responsibilities  those 
impacts which take place abroad but satisfy – via imports – the local consumer needs. Results 
of this procedure carried out for the two years under analysis (1997 and 2004) are presented 













proportion  increased  in  the  year  2004:  emissions  emitted  in  non‐Annex  I  countries  and 




measure  of  Austria’s  C02  responsibilities  in  countries  without  emissions  constraints.  This 
carbon leakage indicator is usually presented as a percentage of the emissions accounted for 
under the PBP. In that case, a carbon leakage of 15% and 25% for the years 1997 and 2004, 
respectively.  The  difference  between  the  total  emissions  embodied  in  imports  and  those 
originated in non‐Annex I countries were emitted in Annex I countries (see Table 4‐1). 
Table 4-1: Austria’s CO2 responsibilities: Emissions embodied in different categories (in thousands 
of tons of CO2). 
Categories and Indicators \Year   1997  2004 
 Domestic Consumption   44,314 47,780   
 Consumption in products domestically produced   27,695  29,153  
 Household (direct consumption)   16,619  18,627  
 Exports   22,943 31,800   
Exports Domestically produced    20,483  27,558  
Exports of International Transport   2,460  4,242  
 Imports (for Austrian Consumption)  44,366 61,988   
Imports coming from Annex I countries  34,343  41,408  
Imports coming from Non-Annex I countries  10,023  20,581  
 Imports of International Transport   Not available  Not available 
Indicators       
Net Emission Balance (excluding Int. Transport)   - 23,884  - 34,430  
Consumption-Based Principle (CBP)   88,680  109,768  
Production-Based Principle (PBP)   67,257  79,580  
Ratio CBP/PBP   1.32  1.38  
CO2 Emissions per capita based on PBP (in tons)   8.44  9.74 
CO2 Emissions per capita based on CBP (in tons) 11.13  13.42 
Note: Emission data on the PBP in this table is based upon process emission data and 
fuel combustion emission data, whereas emission data given in section 2 is based on 
fuel combustion emissions only (IEA, 2008), as IEA supplies a significantly longer time 
series. Emission data on process emissions is taken from UNFCCC, on fuel combustion 




















Moreover,  the  estimates  carried  out  for  Austria’s  CO2  emissions  from  a  consumption 





4.2 Geographical  Analysis 





































4.2.1.1  Regional drivers of Austria’s CO2 emissions embodied in exports 
The  analysis  also  allows  identifying  those  regions  whose  consumption  mainly  induces  the 
discharge in CO2 emissions within the Austrian borders. The top 25 regions are depicted in 
Figure  4‐2,  while  the  full  range  of  regions  is  shown  in  Table  7‐3.  In  general,  final  CO2 
responsible regions do not change much along the years being studied, apart from an increase 
in Austrian CO2 responsibility of Germany, Italy, and China, and the decreases of that of Japan.  





















4.3  Sectoral Analysis  
4.3.1 CO2 drivers at sectoral level 











it  is  still  necessary  to  consider  the  sectoral  analysis  of  those  sectors  which  supply  directly  to  the 
residential household, as for instance, electricity. Therefore, adding the 91 Mt‐CO2 and the 19 Mt‐CO2 
























Figure 4-3: Emissions embodied in Austria's final domestic consumption by sectors and place of 
origin, domestic or foreign territory in 2004 (in thousands of tons) 
 


















Figure 4-4: Domestic emissions embodied in the top 15 exports in 2004 (in thousands of tons of 
CO2) 
 
cns  =  Construction;  ome  =  Machinery  and 
equipment nec; mvh = Motor vehicles and parts; 
osg = Public Administration, Defense, Education, 
Health;  atp  =  Air  transport;  crp  =  Chemical, 
rubber, plastic products; otp = Transport nec; trd 
=  Trade;  obs  =  Business  services  nec;  ely  = 






ome  =  Machinery  and  equipment  nec;  ely  = 
Electricity;  obs  =  Business  services  nec;  mvh  = 
Motor vehicles and parts; crp = Chemical, rubber, 
plastic products; trd = Trade; ofd = Food products 
nec;  ele  =  Electronic  equipment;  omf  = 
Manufactures  nec;  atp  =  Air  transport;  wap  = 
Wearing apparel; nmm = Mineral products nec. Carbon Content of Austrian International Trade 
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4.3.2  Affected sectors due to domestic and foreign final demand 
We now shed light on those industries in the Austrian economy which are mainly affected by 
domestic and foreign consumption. First, by focusing on the production side, we can see to 








are  observed  for  the  sectors  of  public  administration,  defense,  education,  health  (osg), 
construction (cns), and food products (ofd). On the other hand, the emissions in the sectors 
ranked third, fifth, seventh and fifteenth (Ferrous metals (i_s); air transport (atp); chemical, 
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Figure 4-5 Top 15 sectors most affected by domestic consumption and exports (in thousands of 
tons) 
 


















Figure 4-6: Top 15 of the most affected industries abroad due to Austrian final consumption (in 






























omn = Minerals nec.Carbon Content of Austrian International Trade 
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4.3.3  Global Path Analysis in a Service Sector 
So far the commodities which embodied the largest amounts of CO2 emissions as well as the 
most affected regions and sectors have been identified. This section additionally analyzes the 
consumption  impact  of  a  specific  commodity  group  in  Austria  on  the  rest  of  the  world, 
differentiating the regional and sectoral level. With regard to the commodity group, the public 
service sector, ‘Public Administration, Defense, Education, Health’ (OSG),  has been chosen 










heavily  affected,  independent  of  the  region  of  origin.  Other  affected  industries  (albeit  at 



















Figure 4-7: Global path at regional and sectoral level for the public service sector, which embodied the largest amount of C02 of the imported commodities 
Note: Regions: DEU = Germany; XSU = Former Soviet Union; CHN = China; XCE = Rest of Central European Associates; USA = United States of America; ITA = Italy; XME = Rest of Middle East; NLD = 
Netherlands; POL = Poland. Sectors: ely = Electricity; otp = Transport nec; i_s = Ferrous metals; crp = Chemical, rubber, plastic products; nmm = Mineral products nec; atp = Air transport; p_c = Petroleum, 
coal products; obs = Business services nec; gdt = Gas manufacture, distribution; oil = Oil; wtp = Water transport; ppp = Paper products, publishing; omn = Minerals nec. A Introduction and Overview 
33 
5  Discussion and final comments 
One of the characteristics of the greenhouse effect refers to the fact that no matter in which 
geographical  region  emissions  occur,  all  GHGs  contribute  to  climate  and  global  change. 
Unilaterally  implementing  mitigation  policies  on  climate  change  could  partially  be  causing 
















commitments  for  developing  countries,  increase  options  for  mitigation,  encourage 

















commodities  coming  from  non‐Annex  I  are  the  relevant  issue,  since  their  emission 
responsibilities are not subject to any international regulation yet, although they are actually in 
the  responsibility  of  an  Annex  I  party  (i.e.  in  the  responsibility  of  an  Annex  I  country 
consumption). This approach does not focus on the rest of the emissions embodied in imports 













the  relevant  aspects  resulting  from  a  consumption  perspective  analysis  where  countries’ 
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7 Annex 
Table 7-1: Multidirectional, uni-directional, and autonomous models applied to the Austrian case 









Domestic Consumption 45,006                     44,839                       44,839                       
Consumption in products 26,379                       26,212                         26,212                       
Household (direct consumption) 18,627                     18,627                       18,627                       
Exports 50,580                     40,268                       31,630                       
Exports Domestically produced  21,715                       22,406                         22,406                       
  Exports of International Transport 3,658                       3,654                         3,654                         
Exports for Trans. Of other regions 519                           
Imports for Exports 24,688                     17,862                       9,224                         
Imports 80,961                     54,152                       30,788                       
Imports for Austrian Consumption 54,442                       36,290                         21,564                       
Imports of International Transport
Imports for exporting Trans.  1,831                         included above included above
Imports for Exports 24,688                       17,862                         9,224                         
PBP 70,898                     70,899                       70,899                       
CBP 99,448                       84,783                         66,403                         










1 Germany 7,580          17.08% 11,294        18.22%
2F o r m e r  Soviet Union 4,294          9.68% 8,003          12.91%
3 China 2,917          6.57% 7,142          11.52%
4R e s t  of Central European Associates 4,011          9.04% 4,608          7.43%
5U n i t e d  States of America 4,459          10.05% 4,054          6.54%
6 Italy 1,794          4.04% 2,651          4.28%
7R e s t  of Middle East 859              1.94% 2,076          3.35%
8 Netherlands 1,067          2.41% 1,598          2.58%
9P o l a n d 3 , 3 8 5          7.63% 1,498          2.42%
10 Rest of South African Customs Union 838              1.89% 1,395          2.25%
11 Rest of World 178              0.40% 1,247          2.01%
12 India 502              1.13% 1,177          1.90%
13 Hungary 1,261          2.84% 997              1.61%
14 France 883              1.99% 989              1.60%
15 United Kingdom 1,107          2.50% 964              1.56%
16 Spain 690              1.56% 914              1.48%
17 Thailand 446              1.00% 770              1.24%
18 Japan 721              1.62% 749              1.21%
19 Rest of North Africa 509              1.15% 730              1.18%
20 Turkey 512              1.15% 694              1.12%
21 Belgium 631              1.42% 588              0.95%
22 Malaysia 319              0.72% 566              0.91%
23 Canada 646              1.46% 546              0.88%
24 Central America and the Caribbean 188              0.42% 499              0.81%
25 Taiwan 272              0.61% 499              0.80%
26 Indonesia 280              0.63% 498              0.80%
27 Korea 446              1.00% 449              0.72%
28 Brazil 88                0.20% 417              0.67%
29 Australia 304              0.69% 346              0.56%
30 Finland 263              0.59% 327              0.53%
31 Rest of Sub‐Saharan Africa 182              0.41% 276              0.45%
32 Rest of EFTA 136              0.31% 271              0.44%
33 Greece 198              0.45% 251              0.41%
34 Switzerland 175              0.39% 241              0.39%
35 Ireland 130              0.29% 240              0.39%
36 Mexico 212              0.48% 227              0.37%
37 Sweden 198              0.45% 200              0.32%
38 Vietnam 59                0.13% 192              0.31%
39 Argentina 39                0.09% 192              0.31%
40 Portugal 165              0.37% 183              0.30%
41 Hong Kong 53                0.12% 170              0.27%
42 Denmark 271              0.61% 149              0.24%
43 Philippines 177              0.40% 133              0.21%
44 Singapore 400              0.90% 126              0.20%
45 Chile 63                0.14% 125              0.20%
46 Rest of South Asia 69                0.15% 114              0.18%
47 Venezuela 77                0.17% 114              0.18%
48 Morocco 38                0.09% 99                0.16%
49 Luxembourg 36                0.08% 74                0.12%
50 Colombia 39                0.09% 50                0.08%
51 Peru 16                0.04% 42                0.07%
52 Rest of Andean Pact 20                0.04% 42                0.07%
53 New Zealand 45                0.10% 34                0.05%
54 Zimbabwe 26                0.06% 30                0.05%
55 Bangladesh 17                0.04% 29                0.05%
56 Sri Lanka 32                0.07% 23                0.04%
57 Rest of South America 6                  0.01% 15                0.02%
58 Other Southern Africa 18                0.04% 12                0.02%
59 Botswana 2                  0.01% 11                0.02%
60 Tanzania 3                  0.01% 11                0.02%
61 Uruguay 9                  0.02% 10                0.02%
62 Uganda 3                  0.01% 6                  0.01%
63 Mozambique 3                  0.01% 5                  0.01%
64 Zambia 3                  0.01% 4                  0.01%
65 Malawi 1                  0.00% 2                  0.00%
66 Austria ‐               0.00% ‐               0.00%
1997 2004Carbon Content of Austrian International Trade 
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Table 7-3: CO2 flows embodied in Austrian exports per region for the years 1997 and 2004 in 







1 Germany 4,782          23.35% 6,443          23.38%
2U n i t e d  States of America 2,035          9.94% 2,589          9.39%
3 Italy 1,527          7.45% 2,588          9.39%
4U n i t e d  Kingdom 1,097          5.35% 1,531          5.55%
5R e s t  of Central European Associates 969              4.73% 1,482          5.38%
6 France 1,045          5.10% 1,413          5.13%
7 Switzerland 740              3.62% 933              3.39%
8 Spain 429              2.09% 789              2.86%
9R e s t  of Middle East 464              2.27% 784              2.84%
10 Former Soviet Union 602              2.94% 702              2.55%
11 Netherlands 429              2.09% 620              2.25%
12 Japan 859              4.20% 596              2.16%
13 China 280              1.37% 588              2.13%
14 Hungary 472              2.30% 544              1.97%
15 Rest of World 440              2.15% 474              1.72%
16 Belgium 300              1.46% 408              1.48%
17 Poland 299              1.46% 395              1.43%
18 Turkey 196              0.95% 371              1.35%
19 Australia 164              0.80% 315              1.14%
20 Sweden 234              1.14% 301              1.09%
21 Denmark 161              0.78% 225              0.81%
22 Greece 137              0.67% 218              0.79%
23 India 108              0.52% 212              0.77%
24 Canada 255              1.25% 212              0.77%
25 Brazil 340              1.66% 192              0.70%
26 Rest of Sub‐Saharan Africa 93                0.46% 173              0.63%
27 Rest of North Africa 143              0.70% 173              0.63%
28 Rest of South African Customs Union 87                0.42% 170              0.62%
29 Central America and the Caribbean 54                0.26% 163              0.59%
30 Rest of EFTA 161              0.79% 147              0.53%
31 Portugal 130              0.64% 140              0.51%
32 Korea 172              0.84% 134              0.49%
33 Hong Kong 116              0.56% 131              0.48%
34 Ireland 61                0.30% 125              0.46%
35 Finland 98                0.48% 121              0.44%
36 Thailand 110              0.54% 121              0.44%
37 Mexico 105              0.51% 106              0.38%
38 Singapore 87                0.43% 105              0.38%
39 Rest of South Asia 23                0.11% 94                0.34%
40 Indonesia 114              0.56% 93                0.34%
41 Taiwan 83                0.40% 90                0.33%
42 Luxembourg 18                0.09% 77                0.28%
43 Malaysia 63                0.31% 58                0.21%
44 Argentina 97                0.47% 53                0.19%
45 Vietnam 15                0.07% 41                0.15%
46 Colombia 35                0.17% 37                0.13%
47 Venezuela 34                0.17% 36                0.13%
48 Morocco 21                0.10% 35                0.13%
49 Philippines 52                0.26% 35                0.13%
50 New Zealand 32                0.16% 30                0.11%
51 Chile 28                0.14% 29                0.10%
52 Peru 16                0.08% 21                0.08%
53 Rest of Andean Pact 12                0.06% 19                0.07%
54 Sri Lanka 3                  0.01% 16                0.06%
55 Bangladesh 11                0.06% 16                0.06%
56 Rest of South America 4                  0.02% 7                  0.03%
57 Tanzania 5                  0.03% 7                  0.03%
58 Uruguay 8                  0.04% 7                  0.02%
59 Other Southern Africa 6                  0.03% 6                  0.02%
60 Botswana 2                  0.01% 5                  0.02%
61 Zambia 1                  0.01% 4                  0.02%
62 Mozambique 2                  0.01% 3                  0.01%
63 Uganda 4                  0.02% 3                  0.01%
64 Zimbabwe 14                0.07% 2                  0.01%
65 Malawi 1                  0.01% 1                  0.00%
66 Austria ‐               0.00% ‐               0.00%
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Table 7-4: CO2 drivers at sectoral level and affected sectors due to domestic and foreign final 
demand in 2004 
Cod. Gtap Regions \CO2 Flows
Th. of t.  %  Th. of t.  %  Th. of t.  %  Th. of t.  %  Th. of t.  %  Th. of t.  % 
1 Paddy rice  0               0.00% 1              0.00% 1              0.00% 0              0.00% 0                0.00% 7              0.01%
2W h e a t   33            0.11% 27           0.10% 11           0.02% 74           0.25% 116           0.42% 35           0.06%
3C e r e a l  grains nec  17            0.06% 25           0.09% 30           0.05% 27           0.09% 28             0.10% 49           0.08%
4 Vegetables, fruit, nuts  120           0.41% 116         0.42% 386         0.62% 85           0.29% 23             0.08% 176         0.28%
5O i l  seeds  4               0.01% 8              0.03% 37           0.06% 4              0.01% 6                0.02% 51           0.08%
6S u g a r  cane, sugar beet  0               0.00% 2              0.01% 0              0.00% 25           0.09% 9                0.03% 9              0.01%
7P l a n t ‐based fibers  12            0.04% 12           0.04% 97           0.16% 7              0.02% 1                0.00% 44           0.07%
8C r o p s  nec  102           0.35% 54           0.20% 175         0.28% 127         0.44% 57             0.21% 147         0.24%
9B o v i n e  cattle, sheep and goats, horses  13            0.05% 18           0.07% 11           0.02% 45           0.16% 23             0.08% 23           0.04%
10 Animal products nec  45            0.15% 46           0.17% 59           0.09% 76           0.26% 36             0.13% 79           0.13%
11 Raw milk  86            0.29% 30           0.11% 63           0.10% 77           0.27% 19             0.07% 27           0.04%
12 Wool, silk‐worm cocoons  0               0.00% 3              0.01% 2              0.00% 0              0.00% 0                0.00% 6              0.01%
13 Forestry 40            0.14% 14           0.05% 58           0.09% 81           0.28% 94             0.34% 107         0.17%
14 Fishing  11            0.04% 20           0.07% 28           0.05% 6              0.02% 1                0.00% 64           0.10%
15 Coal 0               0.00% 2              0.01% 7              0.01% ‐          0.00% ‐            0.00% 174         0.28%
16 Oil  0               0.00% 0              0.00% 0              0.00% 39           0.13% 23             0.08% 671         1.08%
17 Gas  0               0.00% 3              0.01% 0              0.00% 0              0.00% 0                0.00% 420         0.68%
18 Minerals nec  49            0.17% 7              0.03% 124         0.20% 293         1.01% 206           0.75% 495         0.80%
19 Bovine meat products  38            0.13% 110         0.40% 78           0.13% 12           0.04% 11             0.04% 15           0.02%
20 Meat products nec  49            0.17% 150         0.54% 229         0.37% 16           0.05% 18             0.07% 30           0.05%
21 Vegetable oils and fats  14            0.05% 62           0.22% 99           0.16% 10           0.04% 13             0.05% 33           0.05%
22 Dairy products  246           0.84% 312         1.13% 398         0.64% 121         0.41% 62             0.22% 51           0.08%
23 Processed rice  1               0.00% 24           0.09% 16           0.03% 1              0.00% 1                0.00% 8              0.01%
24 Sugar  41            0.14% 35           0.13% 54           0.09% 39           0.13% 17             0.06% 21           0.03%
25 Food products nec  1,420        4.87% 936         3.40% 2,242      3.62% 700         2.40% 205           0.75% 243         0.39%
26 Beverages and tobacco products  201           0.69% 407         1.48% 431         0.70% 73           0.25% 79             0.29% 44           0.07%
27 Textiles  236           0.81% 296         1.07% 1,331      2.15% 98           0.33% 105           0.38% 335         0.54%
28 Wearing apparel  276           0.95% 452         1.64% 1,713      2.76% 45           0.16% 18             0.07% 69           0.11%
29 Leather products  95            0.33% 195         0.71% 886         1.43% 21           0.07% 21             0.08% 67           0.11%
30 Wood products  121           0.41% 298         1.08% 491         0.79% 82           0.28% 179           0.65% 100         0.16%
31 Paper products, publishing  563           1.93% 560         2.03% 840         1.36% 660         2.26% 820           2.98% 628         1.01%
32 Petroleum, coal products  246           0.85% 118         0.43% 1,193      1.92% 312         1.07% 187           0.68% 1,678      2.71%
33 Chemical, rubber, plastic products  794           2.72% 1,339      4.86% 3,471      5.60% 1,006      3.45% 1,975        7.17% 5,084      8.20%
34 Mineral products nec  921           3.16% 389         1.41% 985         1.59% 2,436      8.36% 2,226        8.08% 4,311      6.96%
35 Ferrous metals  34            0.12% 176         0.64% 80           0.13% 1,100      3.77% 5,156        18.71% 5,845      9.43%
36 Metals nec  7               0.02% 58           0.21% 94           0.15% 42           0.14% 226           0.82% 680         1.10%
37 Metal products  264           0.90% 598         2.17% 1,298      2.09% 77           0.26% 108           0.39% 271         0.44%
38 Motor vehicles and parts  267           0.92% 2,407      8.73% 4,380      7.07% 75           0.26% 252           0.92% 166         0.27%
39 Transport equipment nec  69            0.24% 410         1.49% 876         1.41% 33           0.11% 137           0.50% 72           0.12%
40 Electronic equipment  123           0.42% 869         3.15% 3,140      5.06% 12           0.04% 31             0.11% 178         0.29%
41 Machinery and equipment nec  691           2.37% 2,829      10.27% 6,028      9.72% 122         0.42% 259           0.94% 476         0.77%
42 Manufactures nec  441           1.51% 668         2.43% 2,144      3.46% 16           0.05% 7                0.03% 134         0.22%
43 Electricity  4,219        14.47% 947         3.44% 2,086      3.37% 9,272      31.80% 5,825        21.14% 24,743    39.92%
44 Gas manufacture, distribution  42            0.14% 20           0.07% 486         0.78% 92           0.31% 53             0.19% 870         1.40%
45 Water  2               0.01% 52           0.19% 18           0.03% 4              0.01% 2                0.01% 92           0.15%
46 Construction  4,166        14.29% 3,280      11.90% 5,237      8.45% 2,551      8.75% 435           1.58% 68           0.11%
47 Trade  1,378        4.73% 1,269      4.60% 2,542      4.10% 590         2.02% 387           1.40% 779         1.26%
48 Transport nec  4,370        14.99% 1,287      4.67% 4,204      6.78% 5,295      18.16% 4,158        15.09% 7,503      12.10%
49 Water transport  5               0.02% 149         0.54% 44           0.07% 23           0.08% 288           1.04% 667         1.08%
50 Air transport  772           2.65% 1,400      5.08% 1,299      2.10% 1,351      4.63% 3,257        11.82% 2,677      4.32%
51 Communication  207           0.71% 166         0.60% 563         0.91% 91           0.31% 39             0.14% 70           0.11%
52 Financial services nec  32            0.11% 165         0.60% 76           0.12% 22           0.07% 18             0.06% 87           0.14%
53 Insurance  118           0.40% 181         0.66% 413         0.67% 7              0.02% 5                0.02% 33           0.05%
54 Business services nec  1,272        4.36% 1,149      4.17% 4,263      6.88% 284         0.97% 196           0.71% 871         1.41%
55 Recreational and other services  425           1.46% 896         3.25% 1,216      1.96% 161         0.55% 56             0.20% 220         0.36%
56 Public Administration, Defense, Education,  4,429        15.19% 2,396      8.70% 5,901      9.52% 1,337      4.59% 84             0.31% 184         0.30%
57 Dwellings  27            0.09% 113         0.41% 57           0.09% 0              0.00% 0                0.00% 0              0.00%
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C  POST KYOTO CLIMATE POLICIES AND THEIR IMPACT ON 
CARBON CONTENT OF AUSTRIAN TRADE (COMPUTABLE 
GENERAL EQUILIBRIUM ANALYSIS) 
1 Introduction 
We develop a computable general equilibrium (CGE) model to analyze the economic impacts 
of  carbon  dioxide  emission  constraints  taken  unilaterally  or  globally,  with  a  focus  on  the 
(feedback‐)  effects  via  international  trade  and  its  respective  net  carbon  flows.  For  that 




Since,  however,  the  climate  political  targets  discussed  at  the  advent  of  the  UNFCCC 







-  A voluntary  Post‐Kyoto  agreement  of  Annex  I  countries  (characterized  by  quite  weak 
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2  Data sources for the modeling framework 
2.1  Economic and trade data and its sectoral and regional aggregation 
The underlying data base for the analysis of the carbon content of Austria’s international trade 
is GTAP Version 7 (GTAP, 2007), containing the most recent and consistent input output and 
foreign  trade  accounts  for  113  countries  and  57  commodities  for  the  base  year  2004. 
Furthermore the data base provides information on international energy markets derived from 
the  International  Energy  Agency’s  (IEA)  energy  volume  balances,  again  for  the  year  2004 
(McDougall and Lee, 2006; McDougall and Aguiar, 2007; Rutherford and Paltsev, 2000). GTAP7 
relies on updated energy prices for the year 2004 – using price indices and exchange rates –
from  the  year  2000,  to  add  information  about  the  monetary  energy  input  values  to  the 
physical energy quantities. 
Table 2-1: Overview of regions 
Aggregated Region  Model code  Comprising GTAP regions 
Austria AUT  Austria 
Germany GER  Germany 
Italy ITA  Italy 
Rest of West EU 27 + 
Switzerland  WEU  Belgium, France, Luxemburg, Netherlands, Portugal, 
Spain, Switzerland 
Rest of South/-east EU 27  SEEU  Cyprus, Czech Republic, Greece, Hungary, Malta, 
Poland, Slovakia, Slovenia, Bulgaria, Romania 
North EU 27  NEU  Denmark, Estonia, Finland, Ireland, Latvia, Lithuania, 
Norway, Sweden, UK 
Rest of Europe  ROE 
Rest of EFTA (Liechtenstein, Iceland), Albania, 
Croatia, Moldova, Rest of Europe (Bosnia and 
Herzegovina, Gibraltar,…), Turkey 
Russian Federation  RUS  Russian Federation 
Rest of GUS  GUS  Armenia, Azerbaijan, Belarus, Georgia, Kazakhstan, 
Kyrgyzstan, Rest of former Soviet Union, Ukraine 
China CHN  China 
Rest of East Asia  
(“Asian Tigers”)  EASI  Hong Kong, Japan, Korea, Taiwan, Rest of East Asia 
Southeast Asia  SEASI 
Cambodia, Indonesia, Lao People’s Democratic 
Republic, Myanmar, Malaysia, Philippines, Singapore, 
Thailand, Vietnam, Rest of Southeast Asia 
South Asia  SASI  Bangladesh, India, Pakistan, Sri Lanka, Rest of South 
Asia 
United States of America  USA  United States of America 
Rest of North America  NAM  Canada, Mexico, Rest of North America 
Latin America  LAM 
Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, 
Paraguay, Peru, Uruguay, Venezuela, Rest of South 
America, Costa Rica, Guatemala, Nicaragua, Carbon Content of Austrian International Trade 
46 
Panama, Rest of Central America, Caribbean 
Oceania  OCEA  Australia, New Zealand, Rest of Oceania 
Middle East and  
North Africa  MENA  Egypt, Morocco, Tunisia, Iran, Rest of West Asia, Rest 
of North Africa 
Sub Saharan Africa  SSA 
Nigeria, Senegal, Rest of West Africa, Rest of Central 
Africa, Rest of South Central Africa, Ethiopia, 
Madagascar, Malawi, Mauritius, Mozambique, 
Tanzania, Uganda, Zambia, Zimbabwe, Rest of 
Eastern Africa, Botswana, South Africa, Rest of South 












Table 2-2: Overview of sectors 
Aggregated Sectors  Model Code  Comprising GTAP sectors 
Refined oil products  P_C  Manufacture of coke oven- and refined oil products 
Electricity ELY  Production,  collection and distribution of electricity 
Energy intensive industries  EIS 
Chemical industry, non-metallic mineral products, 
iron and steel, precious and non-ferrous metals, 
paper products 
Non energy intensive 
industries  NEIS 
Textiles, wearing apparel, leather, wood products, 
fabricated metal products, motor vehicles, transport 
equipment, machinery, communication equipment 
Coal COA  Coal  Mining 
Crude Oil  OIL  Oil extraction 
Natural Gas  GAS  Natural Gas extraction, manufacture of gas, 
distribution, steam and hot water supply 
Transport  TRN  Water, air, road and rail transport 
Food products and agriculture  FOOD  All agriculture and food processing sectors 
Other services and utilities  SERV 
Water, wholesale, retail sale, hotels, restaurant, 
construction, financial services, insurance, real 
estate, public administration, post and telecom 
Capital Goods  CGDS  Capital Goods 







products  (P_C)  and  electricity  including  its  distribution  (ELY).  The  industrial  sectors  within 






















industrial  processes  mainly  occur  in  the  cement,  chemicals  and  metal  production  and  are 
therefore added to the EIS aggregate’s emissions balance. Another flaw of Lee’s CO2 emissions 
calculation  lies  in  the  misinterpreted  treatment  –  at  least  for  Austria  –  of  fuels  used  as 
feedstock in the chemical and petrochemical industry (P_C). This leads to an underestimation Carbon Content of Austrian International Trade 
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by  industrial  process  related  emissions,  yet  without  correction  for  feedstock  use  in  these 
sectors. 
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Table 2-3: Annual Growth rates 2004 – 2020 
Regions  MFP*  Capital stock*  labor force* 
AUT 1.30  1.40  -0.20 
GER 1.50  1.60  -0.10 
ITA 1.30  1.10  -0.50 
WEU 1.40  1.60  -0.03 
SEEU 1.40  2.00  -0.40 
NEU 1.40  2.50  0.20 
ROE 1.50  1.80  0.30 
RUS 1.50  1.80  0.30 
GUS 1.50  1.80  0.30 
CHN 2.60  5.70  0.10 
EASI 1.50  2.20  -0.30 
SEAS 2.70  5.20  0.60 
SASI 2.10  4.40  0.80 
USA 1.50  2.60  0.70 
NAM 1.60  2.60  0.50 
LAM 0.50  1.40  0.70 
OCEA 1.60  3.00  0.50 
MENA 0.90  1.10  1.00 
SSA 0.50  0.90  0.50 
*based on Poncet (2006) 
**based on IMF (2009) Carbon Content of Austrian International Trade 
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3 The  model 
For  our  analysis  of  the  carbon  content  of  Austria’s  international  trade  in  the  presence  of 
climate  policies,  we  employ  a  large‐scale  multiregional,  multisectoral  computable  general 
equilibrium model (CGE), programmed and solved in GAMS/MPSGE (Rutherford, 1999) utilizing 
the solver PATH, which is calibrated to the previously described GTAP7 data base, representing 








Rr  (primary  energy  commodities)  for  the  11  sectors,  and  receives  total  income  including 
various tax revenues. The regional household redistributes this stream of income between the 
private  household  PHHr  and  the  government  GOVr  for  private  and  public  consumption, 






primary  energy  extraction.  The  following  section  provides  a  description  of  the  production 
function modeling approach, while the subsequent section deals with modeling trade, taking 
the form of bilateral trade relationships rather than an integrated global market. 
3.2 Production  structure 
Within  the  modeling  framework  MPSGE,  nested  constant  elasticity  of  substitution  (CES) 
production  functions  are  employed,  to  specify  the  substitution  possibilities  in  domestic 
production between the primary inputs (capital, labor, and natural resources), intermediate 













with  an  aggregate  of  capital,  labor  and  energy  ((KL)Er).  At  the  third  nesting  level,  a  CES 
composite of capital and labor (KLr) is combined in fixed proportions (elke) with an energy‐
composite.  The  energy‐composite  Er  consists  of  three  main  nesting  stages.  The  first  one 
represents a trade off at a constant elasticity elc between the domestic supplied secondary 
energy  commodities  electricity  (ELY)  DELY,r  and  petroleum  products  (P_C)  PC/CO2  r  with  an 
aggregate  of  primary  energy  commodities  (OIL/GAS/COAr).  At  the  subsequent  level  this 
















Table 3-1: Elasticities in production 
Sector s v int  elke  Elk Elc elcl  Elqd 
COA 0.00  0.73  0.31  0.55 0.14 0.16 0.07 0.25 
OIL 0.00  0.73  0.31  0.55 0.14 0.16 0.07 0.25 
GAS 0.00  0.73  0.31  0.55 0.14 0.16 0.07 0.25 
P_C 0.00  -  0.39  0.26  0.46 0.16 0.07 0.25 
ELY  0.00  -  0.39 0.26 0.46 0.16 0.07 0.25 
EIS 0.63  -  0.00  0.30  0.32 0.16 0.07 0.25 
NEIS  0.56  -  0.49 0.49 0.15 0.16 0.07 0.25 
TRN 0.35  -  0.33  0.28  0.31 0.16 0.07 0.25 
FOOD 0.36 - 0.00  0.46 0.2 0.16  0.07  0.25 
SERV 0.58 - 0.00  0.48 0.29 0.16 0.07 0.25 




energy  intensive  industries  (EIS).  In  contrast  to  the  production  structure  of  fossil  fuel 




function  between  natural  resources  and  non‐resource  inputs  is  replaced  by  the  originally 









Figure 3-2: Production of non-primary energy commodities 
 
3.3  Trade in the model 
A common assumption within multi‐country CGE models which we also employ here is that 
goods produced in different regions are not perfectly substitutable. Therefore, trade in goods Carbon Content of Austrian International Trade 
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Table 3-2: Armington elasticities (telaes) 































Figure 3-5: International Transport 
 





Table 3-3: Elasticities in import structure 
Elasticity value 
elim  8 
m 4 
n 4 
rg  4 
Source:  Rutherford and Paltsev (2000) 










Figure 3-6: Final demand of private households for country r 










different  climate  policy  scenarios,  the  following  section  will  outline  the  settings  of  three 
different scenario families – a unilateral EU scenario group, a post‐Kyoto agreement with a 
voluntary commitment by other countries in addition to the EU, as well as the spectrum of the 
IPCC’s  recommendation  on  GHG  emission  reductions  for  Annex  I  countries  to  the  Kyoto 
Protocol. 
 Carbon Content of Austrian International Trade 
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4  Definition of policy scenarios 













The  remaining  scenarios  cover  global  policies  with  other  world  regions  setting  reduction 
objectives as well, albeit at different stringency levels. The two global post‐Kyoto scenarios 
PK_L and PK_H presume that CO2 emission reduction targets have been set voluntarily by 
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Table 4-1: GHG emission reduction targets for 2020 
Region  Unilateral EU Climate Policy  Voluntary post-Kyoto agreement  IPCC requirements 
450ppm 
 ETS_EU  NETS_EU  PK_L  PK_H  IPCC_L  IPCC_H 
           
base year  2005  2005  1990  1990  1990  1990 
EU -21%  in 
ETS sectors 
-21% in ETS sectors, 
-10% in non-ETS 
sectors+ households 
-20% in all 
sectors and 
households 
-30% -25%  -40% 
RUS     -10%  -15%  -25%  -40% 
ROE     +52%  +51%  -17%  -28% 
GUS     -8%  -8%  -11%  -18% 
USA     +/-0%  -4%  -25%  -40% 
NAM     -3%  -3%  -14%  -23% 
LAM            
CHN            
EASI     -25% -25%  -15%  -23% 
SEASI            
SASI            
OCEA     +10%  -11%  -25%  -40% 
MENA            






+2C°  target  by  2100  compared  to  preindustrial  periods  (IPCC,  2007).  While  the  IPCC 
acknowledges that a major deviation from baseline emissions will be necessary also within 
non‐Annex I countries, no specific, official reduction targets have been communicated yet. As a 
consequence,  reduction  targets  of  non‐Annex  I  countries  will  not  be  considered  in  the 





Table  4‐2).  Depending  on  the  development  of  the  regions’  CO2  emissions  relative  to  the 







Table 4-2: GHG emission reduction targets for 2020 relative to 2004 
Region ETS_EU  NETS_EU  PK_L  PK_H  IPCC_L  IPCC_H 
sectors  ETS  ETS+NETS ETS+NETS ETS+NETS ETS+NETS ETS+NETS 
AUT  -20%  -14% -36% -44% -40% -52% 
GER -24%  -17%  -6%  -18%  -12%  -29 
ITA  -21%  -13% -29% -38% -33% -47% 
WEU  -20%  -11% -35% -43% -39% -51% 
SEEU -21%  +11%  -7%  -19%  -13%  -30% 
NEU  -23%  -17% -20% -30% -25% -40% 
RUS      +48% +39% +23%  -2% 
ROE     +4% +3% -44%  -51% 
GUS      +22% +22% +18%  +9% 
USA      -16% -19% -37% -50% 
NAM     -16% -3% -26%  -34% 
LAM         
CHN         
EASI     -30% -30% -20% -28% 
SEASI         
SASI         
OCEA      -18% -11% -44% -55% 
MENA         
SSA         
 
By comparing the reduction targets in Table 4‐1 and Table 4‐2, crucial information can be 




emissions  were  substantially  higher  than  in  2004.  Only  in  the  strongest  IPCC  scenario  – 
representing a 40% reduction of GHG in Annex I countries – Russia would be confronted with a 
minor effective reduction objective of 2% compared to 2004 CO2emissions. The same rationale 
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Table 4-3: BAU 2020 scenario for Austria (in million USD, below: MUSD) 
 
2004 2020  % change 2020 
relative to 2004 
  in MUSD (real at 2004 prices)  in % 
GDP  292,312 414,446  +42% 
thereof      
Consumption 172,494  249,122  +44% 
Investment 67,168  103,133  +54% 
Government 54,933  79,337  +44% 
Trade balance  -2,283  -17,146  +651% 
yearly average 
growth rate  2.41  2.21   
Output     
P_C 3,689  4,555  +23% 
ELY 6,557  7,744  +18% 
EIS 58,932  70,353  +19% 
ETS total  69,179 82,651  +19% 
COA 27  31  +14% 
OIL 267  304  +14% 
GAS 298  340  +14% 
NEIS 118,850  149,355  +26% 
TRN 38,328  49,973  +30% 
FOOD 30,617  41,530  +36% 
SERV 279,362  361,847  +30% 
CGDS 67,168  103,133  +54% 
non-ETS total  534,918 706,512  +32% 
Output total  604,097  789,163  +31% 
Exports     
P_C 274  342  +25% 
ELY 786  882  +12% 
EIS 26,285  31,581  +20% 
ETS total  27,345 32,805  +20% 
COA -  -  - 
OIL -  -  - 
GAS 30  33  +8% 
NEIS 61,503  78,096  +27% 
TRN 10,481  13,231  +26% 
FOOD 6,309  8,636  +37% 
SERV 29,941  38,447  +28% 
non-ETS total  108,265 138,444  +28% 
Export TRANS  7,061  10,186  +44% 
Export total  142,670  181,435  +27% 
 C Post Kyoto Climate Policies and their impact on Carbon content of Austrian Trade (CGE Analysis) 
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Table 4-3 (cont.): BAU 2020 scenario for Austria (in million USD, below: MUSD) 
  2004 2020  % change 2020 
relative to 2004 
  in MUSD (real at 2004 prices)  in % 
Imports     
P_C 2,128  2,721  +28% 
ELY 1,030  1,459  +42% 
EIS 24,891  33,357  +34% 
ETS total  28,049 37,537  +34% 
COA 228  242  +6% 
OIL 1,839  1,974  +7% 
GAS 859  926  +8% 
NEIS 63,443  89,127  +40% 
TRN 5,729  8,061  +41% 
FOOD 7,684  11,120  +45% 
SERV 34,445  45,883  +33% 
non-ETS total  114,226 157,332  +38% 
Import TMG  2,678  3,711  +39% 
























Table 4-4: Austrian trade flows in the BAU 2020 scenario (in MUSD) 
  Imports 2020 (MUSD)  Exports 2020 (MUSD) 
 ETS  NETS  ETS  NETS 
GER 17,504  54,162  8,271  38,478 
ITA 2,807  14,006  3,087  12,030 
WEU 6,691  21,256  6,009  19,981 
SEEU 3,730  15,146  6,183  17,425 
NEU 3,135  11,223  2,271  11,897 
ROE 474  2,547  1,105  4,351 
RUS 478  2,161  387  1,484 
GUS 184  1,041  253  1,212 
CHN 310  5,256  251  3,101 
EASI 490  7,700  673  2,952 
SEAS 350  5,931  315  3,597 
SASI 47  1,015  157  2,015 
USA 704  7,160  1,854  10,686 
NAM 102  1,268  391  1,554 
LAM 180  2,016  344  1,853 
OCEA 40  449  193  1,260 
MENA 134  3,772  873  3,110 
SSA 178  1,225  187  1,460 
Total 37,537  157,332  32,805  138,444 
 
4.3 CO2 emissions in the BAU 2020 scenario 
Turning to CO2 emissions, Austria’s CO2 emissions under the BAU assumptions are found to 
increase of 35% compared to 2004, calculated according to the Production Based Principle 
(PBP)  and  thus  based  on  emissions  from  domestic  production.  This  increase  of  35% 
corresponds to an absolute increase in Austria’s production related and private household’s 
emission by 28 Mt CO2 from 79 Mt CO2 in 2004 to 107 Mt CO2 in 2020 (Table 4‐5). 
Table 4-5: CO2 emissions for Austria according to the PBP and CBP for 2004 and BAU-2020 
 2004  2020  Change 
  in Mt CO2 2004-2020 
Private households  18.63  28.22  +52% 
Output 60.42  78.75  +30% 
PBP  79.05  106.97  +35% 
Imports 27.27  39.18  +44% 
Exports 19.31  25.41  +32% 
Imports - Exports  7.96  13.76  +73% 
CBP  87.01  120.74  +39% 
 C Post Kyoto Climate Policies and their impact on Carbon content of Austrian Trade (CGE Analysis) 
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flows  are  compared  to  the  development  of  its  trade  balance  in  monetary  terms,  one 
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Table 4-6: BAU-2020 scenario – Sectoral CO2 emissions for output, exports and imports for Austria 
(in Mt CO2) 
 2004  2020  Delta 
  in Mt CO2 2004 
Private 
households  18.63 28.22  +52% 
Output      
P_C 0.54  0.63  +16% 
ELY 15.33  18.83  +23% 
EIS 15.24  17.65  +16% 
ETS total  31.12 37.11  +19% 
COA -  -  - 
OIL 0.07  0.07  +7% 
GAS 0.15  0.18  +19% 
NEIS 2.22  2.88  +30% 
TRN 18.10  25.70  +42% 
FOOD 2.44  3.63  +49% 
SERV 6.33  9.17  +45% 
non-ETS total  29.30 41.63  +42% 
Output total  60.42  78.75  +30% 
Export      
P_C 0.04  0.05  +18% 
ELY 1.84  2.15  +17% 
EIS 6.80  7.92  +17% 
ETS total  8.68 10.12  +17% 
COA -  -  - 
OIL -  -  - 
GAS 0.01  0.02  +13% 
NEIS 1.15  1.51  +31% 
TRN 4.95  6.80  +37% 
FOOD 0.50  0.76  +50% 
SERV 0.68  0.97  +44% 
non-ETS total  7.29 10.06  +38% 
Export TRANS  3.33  5.24  +57% 
Export total  19.31  25.41  +32% 
Import      
P_C 0.20  0.23  +15% 
ELY 4.72  6.78  +44% 
EIS 8.90  12.40  +39% 
ETS total  13.82 19.41  +40% 
COA 0.05  0.06  +14% 
OIL 0.26  0.27  +3% 
GAS 1.45  1.31  -10% 
NEIS 1.61  2.48  +54% 
TRN 6.12  9.58  +56% 
FOOD 0.61  0.97  +58% 
SERV 0.96  1.51  +58% 
non-ETS total  11.06 16.17  +46% 
Import TMG  2.39  3.60  +51% 






each  region  exports  a  certain  amount  of  transport  services  (TRANS)  to  a  global  transport 






5  The economic and global carbon effects of climate policy for 
Austria as an internationally trading economy 
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Table 5-1: GDP effects of climate policy scenarios for Austria relative to BAU 2020 
 BAU  2020  ETS_EU  NETS_EU  PK_L  PK_H  IPCC_L  IPCC_H 
  in MUSD  change relative to BAU 2020 (% change 2020 with policy relative to BAU) 
Consumption 249,122  -0.7%  -2.5% -4.9% -6.8% -5.9% -9.8% 
Investment  103,133 -0.7%  -1.8% -3.9% -5.7% -4.9% -8.6% 
Government 79,337  -0.6%  -1.5% -3.8% -5.3% -5.1% -8.7% 
Exports  171,249 -1.4%  -5.3% -8.3%  -10.5% -9.7%  -14.0% 
Imports  194,870 -1.3%  -3.2% -5.8% -7.6% -7.2%  -11.1% 
GDP  414,446 -0.7%  -2.5% -4.9% -6.8% -5.9% -9.8% 
Annual GDP 
growth rate  2.21 2.16  2.01 1.89 1.76 1.82 1.55 
 
5.1.1  Effects on Austrian output 













to  curb  less  under  the  NETS  scenario  (see  Table  4‐1).  Moreover,  the  sector  P_C  is  hardly 
affected under ETS_EU while it is affected much more under all other scenarios in which the 
non‐ETS and private households have to cut emissions. Carbon Content of Austrian International Trade 
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Table 5-2: Sectoral output effects of climate policy scenarios for Austria, 2020 with policy relative 
to BAU 2020 
 BAU  2020  ETS_EU  NETS_EU  PK_L  PK_H  IPCC_L  IPCC_H 
  in MUSD  change relative to BAU 2020 (in MUSD) 
ETS sectors           
P_C 4,555  -5.0%  -39.9%  -51.8% -57.8% -54.7% -63.6% 
ELY  7,744 -8.7%  -8.6% -4.0% -6.8% -4.5%  -10.4% 
EIS  70,353 -4.8%  -6.0% -4.6% -6.9% -4.5% -8.2% 
ETS total  82,651 -5.2%  -8.1% -7.1% -9.7% -7.3%  -11.4% 
Non-ETS sectors          
COA  31 -0.0%  -0.0% -0.0% -0.0%  +0.0% -0.0% 
OIL  304  +0.0%  -73.5% -95.3% -96.9% -96.5% -97.9% 
GAS 340  -14.3%  -84.9%  -99.5% -99.9%  -100.0%  -100.0% 
NEIS 149,355  -0.9%  -1.6%  -2.8% -3.8% -3.9% -6.4% 
TRN 49,973  -0.3%  -18.6%  -30.8% -38.0% -32.8% -44.4% 
FOOD 41,530  -0.3%  -2.9%  -6.2% -8.3% -7.4%  -11.5% 
SERV  361,847 -0.5%  -0.8% -1.9% -2.8% -2.6% -4.7% 
CGDS  103,133 -0.6%  -1.5% -3.8% -5.3% -5.1% -8.7% 
non-ETS total  706,512 -0.6%  -2.5% -4.7% -6.3% -5.8% -8.9% 












BAU ETS_EU NETS_EU PK_L PK_H IPCC_L IPCC_H
_Output EIS _Output ELY _Output P_C
 
Figure 5-1: Output of ETS sectors for 2020 (in MUSD) 











BAU ETS_EU NETS_EU PK_L PK_H IPCC_L IPCC_H ETS_UNI
_Output COA _Output OIL _Output GAS _Output NEIS
_Output TRN _Output FOOD _Output SERV _Output CGDS
 
Figure 5-2: Output of non-ETS sectors for 2020 (in MUSD) 
5.1.2  Effects on Austrian exports 
Knowing from Table 5‐1 that exports and imports respond stronger to the policy scenarios 









sectors NEIS and TRN (i.e. transport) are hit hardest (again in absolute terms). Carbon Content of Austrian International Trade 
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Table 5-3: Effects of the scenarios on Austrian exports by sector relative to BAU 2020 
 BAU  2020  ETS_EU  NETS_EU  PK_L  PK_H  IPCC_L  IPCC_H 
  in MUSD  change relative to BAU 2020 (in MUSD) 
ETS sectors          
P_C 342  -7.0%  -33.7%  -42.9% -50.4% -46.8% -57.4% 
ELY  882  +1.7%  +3.5% +12.1% +11.6% +16.1% +13.0% 
EIS  31,581 -6.5%  -8.5% -7.1% -9.9% -6.5%  -10.6% 
ETS total  32,805 -6.2%  -8.4% -6.9% -9.7% -6.3%  -10.5% 
Non-ETS sectors          
COA 0  -45.1%  -54.0%  -66.4% -72.7% -69.5% -78.3% 
OIL  0  +6.6%  +33.4% +11.5% +16.6% +23.4% +50.6% 
GAS 33  -12.7%  -41.7%  -46.3% -38.7% -21.7% -30.8% 
NEIS  78,096 -0.5%  -2.5% -5.9% -7.2% -8.1%  -12.0% 
TRN 13,231  -0.1%  -24.8%  -37.7% -46.4% -37.8% -50.5% 
FOOD  8,636  -0.0%  -4.9% -10.0% -12.4% -11.8% -16.8% 
SERV  38,447 -0.1%  -0.1% -1.2% -1.3% -2.3% -3.4% 
non-ETS total  138,444 -0.4%  -4.1% -7.9% -9.6% -9.6%  -13.6% 
Export TRANS  10,186  -0.0%  -10.8%  -18.6% -24.1% -22.0% -31.1% 










BAU ETS_EU NETS_EU PK_L PK_H IPCC_L IPCC_H
EU EastEurope NAM (incl. USA) LAM
CHN ASIA (excl. CHN) OCEA AFRICA
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Table 5-4: Impacts of climate policy scenarios on Austrian exports in ETS and non-ETS sectors by 
world region (in MUSD) 
 BAU  2020  ETS_EU  NETS_EU  PK_L  PK_H  IPCC_L  IPCC_H 
          
ETS sectors  (2004 MUSD)  change in % in 2020 levels 
EU  25,821 -4.1% -6.5% -5.7% -8.1% -5.5% -9.3% 
Eastern Europe  1,746  -11.1%  -14.7% -12.5% -15.3%  -5.1%  -8.0% 
NAM (incl. USA)  2,245  -14.8%  -14.7%  -6.2%  -11.5%  -2.7%  -7.6% 
LAM 344  -16.5%  -17.0%  -14.0% -19.3% -13.9% -20.8% 
CHN 251  -16.1%  -17.1%  -11.7% -18.6% -16.4% -28.1% 
ASIA (excl. CHN)  1,146  -15.5% -16.3%  -6.5% -13.0% -11.9% -21.3% 
OCEA 193  -14.9%  -14.6%  -10.6% -13.4%  -7.1% -13.8% 
AFRICA 1,059  -14.1%  -18.9%  -24.3% -28.3% -23.9% -28.8% 
ETS total  32,805 -6.2% -8.4% -6.9% -9.7% -6.3%  -10.5% 
Non-ETS sectors         
EU  99,811 -1.0% -4.0% -7.1% -9.2% -8.4%  -12.6% 
Eastern  Europe  7,046  +1.4% -3.3% -9.3% -9.7%  -16.1%  -20.2% 
NAM (incl. USA)  12,239  +1.0%  -3.7%  -10.1% -11.5% -14.7% -22.1% 
LAM  1,853  +1.9% -5.1% -8.7% -8.9% -8.0% -6.1% 
CHN  3,101  +1.6% -3.9% -8.4% -9.4% -9.1%  -11.5% 
ASIA (excl. CHN)  8,564  +1.4%  -4.4%  -8.4%  -9.4%  -9.0%  -10.7% 
OCEA  1,260  +0.7%  -9.0% -15.3% -19.6% -19.2% -28.6% 
AFRICA  4,570  +0.7%  -6.5% -13.4% -12.8% -11.5%  -6.9% 
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decline  sharpest  which  is  also  a  consequence  of  the  incentive  provided  by  ETS  to  reduce 




Table 5-5: Effects of climate policy scenarios on Austrian imports by sector relative to BAU 2020 
 BAU  2020  ETS_EU  NETS_EU  PK_L  PK_H  IPCC_L  IPCC_H 
           
  in 2004 
MUSD  change relative to BAU 2020 (in %) 
ETS sectors          
P_C 2,721  -2.4%  -35.1%  -48.3% -54.5% -51.4% -60.5% 
ELY 1,459  -33.3%  -32.8%  -34.2% -41.0% -39.3% -48.6% 
EIS  33,357  -2.3% -3.6%  -6.9% -9.4% -8.7% -14.3% 
ETS total  37,537  -3.5%  -7.0%  -11.0% -13.9% -13.0% -19.0% 
Non-ETS sectors           
COA 242  -23.1%  -40.5%  -43.3% -49.8% -46.4% -56.6% 
OIL 1,974  -4.2%  -33.0%  -42.6% -48.9% -45.2% -54.8% 
GAS 926  -19.2%  -26.0%  -24.6% -31.5% -25.5% -38.4% 
NEIS  89,127  -0.6% -2.0%  -5.6% -7.2% -7.2% -11.6% 
TRN 8,061  -0.5%  +0.2%  +3.7%  +6.0%  +1.0%  +4.1% 
FOOD 11,120  -0.3%  -2.1%  -3.8% -5.5% -5.0% -9.3% 
SERV  45,883  -0.7% -1.4%  -1.8% -3.1% -1.7% -3.9% 
non-ETS total  157,332  -0.8% -2.3%  -4.5% -5.9% -5.7% -9.1% 
Import TMG  3,711  -1.3%  -4.4%  -8.8%  -11.2%  -10.9%  -16.7% 
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and roughly proportionally increasing with the strength of the policy, in absolute terms for 
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Figure 5-6: Austrian imports of non-ETS sectors by region for 2020 (in MUSD) 
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Table 5-6: Effects of the scenarios on Austrian imports in ETS and non-ETS sectors by world 
region (in MUSD) 
 BAU  2020  ETS_EU  NETS_EU  PK_L  PK_H  IPCC_L  IPCC_H 
  in MUSD  change relative to BAU (in %) 
ETS sectors              
EU  33,866  -5.7%  -9.2% -11.6% -14.9% -12.8% -18.9% 
Eastern Europe  1,135  +15.6%  +15.2% -3.1% -6.1%  -24.7%  -37.7% 
NAM (incl. USA)  807  +16.2%  +10.4% -13.4% -12.4% -26.5% -36.4% 
LAM 180  +21.9%  +16.2%  +6.4%  +11.8%  +5.0%  +12.1% 
CHN  310  +19.0%  +11.9% +1.1% +5.9% +1.2% +9.0% 
ASIA (excl. CHN)  887  +16.6%  +10.7% -12.2%  -9.9%  -9.9% -11.0% 
OCEANIA 40  +21.1%  +14.9%  -9.2% -15.9% -26.8% -35.9% 
AFRICA 312  +20.7%  +17.8%  +13.7% +17.1% +10.9% +11.2% 
Import ETS total  37,537  -3.5%  -7.0% -11.0% -13.9% -13.0% -19.0% 
Non-ETS sectors              
EU  115,793  -0.1%  -2.1% -5.0% -6.3% -6.3% -9.7% 
Eastern  Europe  5,749  -5.0%  -5.5% -7.1% -8.5% -9.1%  -15.8% 
NAM (incl. USA)  8,427  -2.3%  -2.4% -4.6% -7.2% -3.3% -5.7% 
LAM  2,016  -3.2%  +1.1% +4.8% +4.7% +4.4% +3.3% 
CHN  5,256  -2.3%  -1.7% -2.7% -3.9% -3.6% -6.4% 
ASIA (excl. CHN)  14,645  -2.2%  -2.0%  -2.9%  -4.3%  -4.1%  -7.0% 
OCEA 449  -2.3%  +1.7%  -6.7%  -10.0%  -9.1%  -12.7% 
AFRICA  4,996  -3.3%  -6.0% -0.0% -2.4% -3.3% -8.1% 
Imports Non-ETS total  157,332  -0.8%  -2.3% -4.5% -5.9% -5.7% -9.1% 
 
 




carbon  emissions  under  ETS_EU  are  reduced  mainly  by  production,  in  all  other  scenarios 
households also reduce their emissions, such that their share of total carbon emissions is 
reduced from 28% in BAU to 19% in IPCC_H. C Post Kyoto Climate Policies and their impact on Carbon content of Austrian Trade (CGE Analysis) 
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Table 5-7: CO2 effects according to the PBP and CBP of the scenarios relative to BAU 2020 
 BAU  2020  ETS_EU  NETS_EU  PK_L  PK_H  IPCC_L  IPCC_H 
 Mt  CO2  Change relative to BAU (in %) 
CO2 PrivHH  28.22  +4.9%  -35.4%  -49.0% -53.6% -51.6% -58.7% 
CO2  Output  78.75 -17.2%  -39.5% -45.6% -52.3% -48.7% -58.8% 
PBP  106.97 -11.4%  -38.5% -46.5% -52.6% -49.5% -58.8% 
CO2 EX-IM  -13.76  +12.4%  -30.6%  -34.0% -40.0% -23.5% -29.5% 
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domestic  production  as  well  as  a  shift  to  imports  from  less  regulated  and  therefore  less 
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Figure 5-8: CO2 according to CBP for Austria 2020 (Mt CO2) 
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Figure 5-9: CO2 emissions in AUT trade 2020 (Mt CO2) 
 
Table 5-8: Sectoral CO2 effects of the scenarios relative to BAU 2020 (Mt CO2) 
 Base  2020  ETS_EU  NETS_EU  PK_L  PK_H  IPCC_L  IPCC_H 
  Mt CO2  Change relative to BAU (in %) 
CO2 Output            
P_C 0.63  -33.5%  -59.7%  -68.2% -74.6% -71.6% -80.4% 
ELY 18.83  -31.9%  -32.1%  -27.9% -34.3% -30.9% -41.0% 
EIS 17.65  -31.8%  -31.7%  -27.7% -36.0% -31.5% -44.2% 
ETS total 37.11  -31.9%  -32.4%  -28.5% -35.8% -31.8% -43.2% 
COA  0.00  - -  - - - - 
OIL 0.07  -4.8%  -91.9%  -99.1% -99.5% -99.4% -99.7% 
GAS 0.18  -16.8%  -94.7%  -99.9% -100.0% -100.0% -100.0% 
NEIS 2.88  -8.7%  -49.2%  -63.0% -68.6% -66.4% -74.7% 
TRN 25.70  -1.6%  -44.6%  -60.0% -66.4% -62.5% -71.9% 
FOOD 3.63  -5.9%  -51.9%  -66.1% -71.3% -69.1% -76.7% 
SERV 9.17  -8.7%  -45.1%  -59.7% -65.7% -63.2% -72.3% 
CGDS  0.00  - -  - - - - 
non-ETS total 41.63  -4.1%  -45.9%  -60.9% -67.0% -63.7% -72.8% 
Output total  78.75  -17.2%  -39.5%  -45.6% -52.3% -48.7% -58.8% 
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Table 5-8 (cont.): Sectoral CO2 effects of the scenarios relative to BAU 2020 (Mt CO2) 
 Base  2020  ETS_EU  NETS_EU  PK_L  PK_H  IPCC_L  IPCC_H 
          
  Mt CO2  Change relative to BAU (in %) 
CO2 Exports         
P_C  0.05 -34.9% -55.5% -62.3% -70.2% -66.7% -77.0% 
ELY  2.15 -24.1% -23.1% -15.8% -21.3% -16.0% -25.6% 
EIS  7.92 -33.0% -33.5% -29.6% -38.1% -32.9% -45.7% 
ETS total  10.12 -31.1% -31.4% -26.8% -34.7% -29.5% -41.6% 
COA  0.00 - - - - - - 
OIL  0.00  +1.6% -59.4% -78.4% -81.4% -78.5% -81.0% 
GAS  0.02 -15.3% -79.4% -87.2% -87.7% -83.1%  -100.0% 
NEIS  1.51  -8.4% -49.6% -64.2% -69.7% -67.9% -76.2% 
TRN  6.80  -1.3% -48.8% -64.0% -70.9% -65.3% -75.0% 
FOOD  0.76  -5.6% -52.9% -67.4% -72.6% -70.5% -78.1% 
SERV  0.97  -8.4% -44.7% -59.4% -65.2% -63.1% -72.0% 
non-ETS total  10.06  -3.4% -48.9% -63.8% -70.3% -65.9% -75.2% 
CO2  TRANS  5.24  -1.3% -39.3% -52.9% -58.8% -56.5% -65.2% 
Exports total  25.41  -14.0%  -40.0%  -46.9% -53.8% -49.5% -59.7% 
CO2 Imports         
P_C  0.23 -27.2% -52.7% -65.1% +692%  -70% +519% 
ELY  6.78 -43.7% -43.8% -46.1% -41.6% -49.8% -28.6% 
EIS  12.40 -11.5% -11.0% -17.9% -40.9% -26.5% -61.3% 
ETS total  19.41 -22.9% -23.0% -28.3% -32.4% -35.1% -42.9% 
COA  0.06 -38.4% -66.0% -68.9% -74.5% -72.9% -80.3% 
OIL  0.27  -1.5% -29.2% -45.8% -52.7% -51.8% -64.7% 
GAS  1.31 -24.0% -28.9% -43.2% -52.3% -55.1% -66.2% 
NEIS  2.48  -7.0% -24.3% -36.4% -36.4% -41.6%  -7.5% 
TRN 9.58  -1.1%  +8.8%  +17.9% +22.6% +16.0% +13.9% 
FOOD  0.97  -6.7% -36.9% -45.9% -56.1% -51.0% -57.2% 
SERV  1.51  -5.9% -19.2% -28.7% -39.9% -33.7% -55.6% 
non-ETS total  16.17 -4.8% -5.6% -4.9% -4.7% -8.7% -8.2% 
CO2  IM  TMG  3.60  -1.4% -16.2% -26.1% -30.9% -31.0% -40.7% 
Imports total  39.18  -13.5%  -15.2%  -18.5% -20.8% -23.8% -28.4% 
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5.3  The economic and carbon effects of the scenarios on a global scale 













Table 5-9: Annual GDP growth rates for 2020 for the scenarios 
  1999-2008 BAU  2020 ETS_EU NETS_EU PK_L PK_H IPCC_L IPCC_H 
AUT 2.4  2.2  2.2  2.0 1.9  1.8  1.8 1.5 
GER 1.5  2.4  2.4  2.2 2.3  2.2  2.2 2.0 
ITA 1.2  1.8 1.8 1.7 1.6  1.5  1.5 1.3 
WEU 2.4  2.4  2.4  2.2 2.1  1.9  2.0 1.7 
SEEU 4.2  2.9  2.7  2.7 2.6  2.5  2.5 2.2 
NEU 2.7  2.6  2.6  2.4 2.4  2.3  2.3 2.1 
RUS 6.9  2.6  2.5  2.5 2.4  2.4  2.4 2.1 
ROE 3.9  2.6  2.6  2.6 2.4  2.4  1.5 1.2 
GUS 7.7  3.2  3.1  3.1 2.8  2.7  2.7 2.5 
USA 2.6  2.6  2.6  2.6 2.4  2.4  2.2 1.9 
NAM 3.0  3.0  3.0  3.0 2.6  2.6  2.5 2.4 
LAM 3.5  1.3  1.3  1.3 1.3  1.2  1.2 1.2 
CHN 9.8  6.1  6.1  6.1 6.1  6.1  6.1 6.0 
EASI 1.9  2.5  2.5  2.5 2.2  2.2  2.3 2.2 
SEAS 5.0  5.6  5.6  5.6 5.5  5.5  5.5 5.5 
SASI 6.7  4.3  4.3  4.3 4.3  4.3  4.3 4.3 
OCEA 3.2  3.0  3.0  3.0 2.8  2.6  2.4 2.1 
MENA 5.1  1.7  1.7  1.7 1.6  1.6  1.6 1.6 
SSA 4.2  1.1  1.1  1.1 1.1  1.1  1.0 1.0 Carbon Content of Austrian International Trade 
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growth  rate  under  BAU  assumptions,  therefore  without  any  climate  policy  measures. 
Compared to the 1999‐2008 average growth rates, these 2020 GDP growth rates are in most 
cases lower, representing the highly visible impacts of the current economic downturn. China’s 































5.3.2  The carbon markets: emissions, prices and decarbonization 








Table 5-10: CO2 emissions (in Mt CO2) per region 
  2004  BAU  2020 ETS_EU NETS_EU PK_L  PK_H  IPCC_L IPCC_H 
Total Emissions              
EU 4,381  6,106  5,069  3,679 3,495 3,062 3,277  2,629 
Eastern Europe  3,051  4,333  4,496  4,579 4,103 3,946 3,470  2,929 
NAM (incl. USA)  7,294  10,633  10,691  10,864 6,127 5,939 4,710  3,815 
LAM 1,087  1,297  1,310  1,348 1,450 1,469 1,480  1,528 
CHN 4,853  8,965  9,045  9,089 9,389 9,384 9,372  9,368 
ASIA (excl. CHN)  4,060  6,620  6,689  6,812 5,681 5,706 5,901  5,816 
OCEANIA  434  639  649  658 356 287 243  196 
AFRICA 2,573  3,186  3,305  3,418 3,807 3,889 3,929  4,113 
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stronger  increase  in  CO2  emissions  in  the  not  regulated  NETS  sectors  and  the  private 
households,  which  outweigh  emission  reductions  in  the  ETS  sectors.  These  higher  NETS 




USA)  CO2  emissions,  though  these  efforts  are still  outperformed  by  China’s  CO2  emissions 
increase. C Post Kyoto Climate Policies and their impact on Carbon content of Austrian Trade (CGE Analysis) 
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Table 5-11: CO2 price in ETS sectors per region 
 ETS_EU  NETS_EU  PK_L  PK_H  IPCC_L  IPCC_H 
ETS sectors         
AUT  181  169 141 218 183 350 
GER  181  169 141 218 183 350 
ITA  181  169 141 218 183 350 
WEU  181  169 141 218 183 350 
SEEU  181  169 141 218 183 350 
NEU  181  169 141 218 183 350 
RUS  -  - 10 16 26 45 
ROE  -  - 61 65  283  347 
GUS -  -  8  10  13  20 
USA  -  - 115 128 287 492 
NAM  -  - 144 142 215 288 
LAM  -  - - - - - 
CHN  -  - - - - - 
EASI  -  - 249 240 156 209 
SEAS  -  - - - - - 
SASI  -  - - - - - 
OCEA -  -  80  155  244  382 
MENA  -  - - - - - 

















by  climate  policies.  As  more  ambitious  reduction  targets  are  introduced  in  the  scenarios, 
emission permits become more expensive – both in the ETS and the NETS sectors. 
Table 5-12: CO2 price in non-ETS sectors per region 
  NETS_EU PK_L  PK_H  IPCC_L IPCC_H 
AUT 519  1,220  1,681  1,463  2,423 
GER 589  432  630  548  998 
ITA 505  1,031  1,490  1,227  2,208 
WEU 504  1,277  1,747  1,511  2,473 
SEEU 139  310  480  397  741 
NEU 560  651  934  795  1,408 
RUS -  5  14  31  72 
ROE -  315  327  1,494  1,839 
GUS -  48  47  54  72 
USA -  396  433  913  1,561 
NAM -  280  274  380  471 
LAM -  -  -  -  - 
CHN -  -  -  -  - 
EASI -  890  871  615  801 
SEAS -  -  -  -  - 
SASI -  -  -  -  - 
OCEA -  548  953  1,447  2,218 
MENA -  -  -  -  - 
SSA -  -  -  -  - 
 










Table 5-13: CO2 coefficients (in t CO2 per MUSD) per country and sector for BAU 2020 
  P_C ELY  EIS  COA  OIL  GAS  NEIS  TRN  FOOD 
CO2 coefficient  in t CO2 per MUSD 
AUT 139  2,432  251  0  236  515  19  514  88 
GER 15  3,911  238  20  235  77  11  621  54 
ITA 5  3,169  218  26  235  17  25  758  87 
WEU 173  2,626  205  22  85  77  17  832  92 
SEEU  173  7,667 528 239  1,022  1,659  32 869 131 
NEU 528  3,370  188  64  179  503  21  525  68 
RUS  358  15,280 2,301  230  170  672 105 2,878  222 
ROE 39  5,462  1,066  19  156  906  88  797  200 
GUS  435  7,460 8,552  104  310  342 559 1,850  386 
USA 595  8,097  393  31  317  350  31  1,813  152 
NAM  983  5,307 460 536 406  1,070  58  2,286  98 
LAM  420  3,029 849 137 299  1,883  71  2,063 124 
CHN  30  20,699 1,652 1,946  929 18,565 108 1,340  416 
EASI 68  3,611  277  49  105  2,424  19  584  117 
SEAS  401  5,851 730 159  86  141  47  1,400 144 
SASI 163  10,684  2,393  336  283  501  83  1,168  110 
OCEA  199  9,387 485 223 376  673  60  1,028 105 
MENA  2,173  10,131 2,691  191  75  486 241 2,563  178 

































Figure 5-11: CO2 coefficients for BAU 2020 across countries and sectors (t CO2/MUSD) 
 
 
Table 5-14: CO2 coefficients (in tCO2 per MUSD) per country and sector for IPCC_H 
 P_C  ELY  EIS  COA  OIL  GAS  NEIS TRN  FOOD 
CO2 coefficient  in t CO2 per 2004 MUSD 
AUT  75  1,601 152  - 30  -  5 260 23 
GER  8  2,610  154 7  37 34 4  402  21 
ITA  3  2,184 147  - 34  5  8 422 27 
WEU  94  1,722  140 8  22 23 4  468  23 
SEEU  93  5,372 295 77  307  - 11 508 46 
NEU  305  2,202 122 21 27 116  7 317 23 
RUS  252  14,540  1,896  123 97 383 73  2,360  153 
ROE  20  3,844 675  6 30  - 24 459 59 
GUS  393  6,771  7,717  74 197  291 426  1,518 301 
USA  370  5,898  226 7  63 85 8  1,048  37 
NAM  682  4,066  284 128 131  392  22  1,518  38 
LAM  411  3,120  880 147 320  2,000  74  2,129 131 
CHN  29  20,701  1,687  1,959 986  18,594 111  1,384 429 
EASI  40  2,635 202 11 20 784  8 334 45 
SEAS  427  6,176  787 206 103  169  52  1,438 154 
SASI  152  10,720  2,425 355 264  468  85  1,210 114 
OCEA  103  6,356 252 40 41 130 12 520 23 
MENA  2,177  10,349  2,921 210  90  579 273  2,726 200 






emissions  either  by  directly  reducing  the  fossil  fuel  consumption  or  by  raising  energy 
efficiency. This decarbonization effect can reduce sectoral country specific CO2 coefficients by 
a quite substantial amount. Austria’s emission intensity in the power generation sector (ELY) 





























limited scope of solving a global problem unilaterally. Carbon Content of Austrian International Trade 
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5.3.3 Carbon  Leakage 
A fiercely discussed issue in the climate policy debate is the carbon leakage phenomenon – a 











However,  the  net  change  in  total  global  CO2  emissions  for  the  NETS_EU  setting  is  still 
significantly positive – due to increasing emissions in the non abating regions by 13,417 Mt 
CO2. 
Table 5-15: CO2 effects (in Mt CO2) of climate policies relative to 2004 
  2004  ETS_EU  NETS_EU 2004  PK_L PK_H IPCC_L  IPCC_H 
CO2 emissions                
  policy regions  4,381  5,069  3,679 17,263 15,597 14,751  13,412  11,124 
  non-policy regions  23,353  36,185  36,770 10,471 18,811 18,932  18,971  19,270 
Total  27,734  41,254  40,449 27,734 34,409 33,683  32,383  30,394 
Change relative to 2004             
  policy regions    +687  -703   -1,666  -2,512  -3,851  -6,139 
  non policy regions    +12,832  +13,417   +8,341 +8,461  +8,500  +8,799 




assumptions  would  be  regulated  by  climate  policies.  Therefore  even  under  the  successful 
implementation of the EU 20‐20 targets in the NETS_EU scenario, thereby reducing the EU’s 
CO2 emissions by 20% compared to 2005 emissions (European Commission, 2008), the global 




















Table 5-16: Climate policies and carbon leakage - Global CO2 effects relative to 2020 (in Mt CO2) 
  BAU  ETS_EU  NETS_EU BAU  PK_L PK_H  IPCC_L  IPCC_H 
CO2 emissions               
  policy regions  6,106  5,069  3,679 24,577 15,597 14,751  13,412  11,124 
  non-policy regions  35,674  36,185  36,770 17,203 18,811 18,932  18,971  19,270 
Total  41,780  41,254  40,449 41,780 34,409 33,683  32,383  30,394 
Change relative to 2020            
  policy regions    -1,037  -2,427    -8,980 -9,826 -11,165 -13,452 
  non policy regions    +511  +1,096   +1,609 +1,729  +1,768  +2,067 
2020 Total    -526  -1,331    -7,371 -8,097  -9,397 -11,386 
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delta 2020 policy regions delta 2020 non policy regions
 






more  stringent  and  comprehensive  the  climate  policies  become.  But  even  in  the  most 
stringent and comprehensive climate policy scenario IPCC_H, carbon leakage amounts to ‐15%. C Post Kyoto Climate Policies and their impact on Carbon content of Austrian Trade (CGE Analysis) 
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Table 5-17: Change in emissions (in %) relative to BAU 
  2004  BAU  2020 ETS_EU NETS_EU PK_L  PK_H  IPCC_L IPCC_H 
                
Change in emissions    Change relative to BAU (in %) 
EU 4,381  6,106  -17.0%  -39.7%  -42.8% -49.8% -46.3%  -56.9% 
Eastern  Europe  3,051  4,333 +3.8%  +5.7% -5.3% -8.9%  -19.9% -32.4% 
NAM (incl. USA)  7,294  10,633  +0.5%  +2.2% -42.4% -44.1% -55.7%  -64.1% 
LAM 1,087  1,297  +1.0%  +3.9%  +11.8% +13.2% +14.1%  +17.7% 
CHN  4,853  8,965  +0.9%  +1.4% +4.7% +4.7% +4.5%  +4.5% 
ASIA (excl. CHN)  4,060  6,620  +1.0%  +2.9% -14.2% -13.8% -10.9%  -12.1% 
OCEA  434  639  +1.6%  +3.0% -44.2% -55.1% -61.9%  -69.4% 
AFRICA 2,573  3,186  +3.7%  +7.3%  +19.5% +22.0% +23.3%  +29.1% 
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Figure 5-14: Change in CO2 emissions (in Mt CO2) relative to BAU 
 
Table  5‐17  gives  a  more  detailed  account  of  CO2  emission  trajectories  in  the  presence  of 
climate policies. While emissions compared to BAU in most regions fall quite significantly, 
moving from the least to the most stringent scenario, the picture in China, Latin America and Carbon Content of Austrian International Trade 
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Africa is quite different. The EU’s CO2 emissions reduction would increase from ‐17% in the 







emissions  in  the  base  year  2004  –  1,087  Mt  CO2  for  LAM  and  2,573  Mt  CO2  for  AFRICA 
compared to 4,853 for CHN (Table 5‐17). 
Table 5-18: Sectoral CO2 effects and carbon leakage (in Mt CO2) relative to BAU 
in Mt CO2  BAU ETS_EU  NETS_EU BAU  PK_L  PK_H  IPCC_L IPCC_H 
           
policy regions          
ETS sectors          
P_C  78  -27  -42  454 -240 -254 -292 -331 
ELY  1,811  -796  -789  8,552 -2,850 -3,141 -3,655 -4,437 
EIS  852 -258 -250  3,341 -732 -887  -1,075  -1,508 
Non-ETS sectors          
COA  2 -1 -2  11 -7 -7 -8 -9 
OIL  17  +1 -13  104 -71 -74 -81 -88 
GAS  22  -1  -18  156  -94 -100 -114 -129 
NEIS  115  -13  -56  402 -203 -217 -233 -269 
TRN 1,249  -24  -530  4,558  -1,946 -2,098 -2,364 -2,788 
FOOD  238  -18 -116  722 -384 -410 -439 -500 
SERV  332  -38 -157  1,447 -698 -745 -812 -944 
Private 
households  1,389  +138  -456  4,830 -1,754 -1,893 -2,093 -2,450 
non-policy regions         
ETS sectors          
P_C  789 +13 +28 413 +78 +92  +101  +136 
ELY  13,301 +275 +286  6,560 +346 +358 +350 +394 
EIS  6,778 +181 +256  4,289 +396 +403 +385 +373 
Non-ETS sectors          
COA  145 +1 +1  136 +4 +4 +4 +1 
OIL  198  +2  +3 110 +10 +10 +11  +9 
GAS  296  +3  +5 161 +10 +11 +11 +10 
NEIS  835 +2 +9  548  +21  +14 +9  -19 
TRN  5,177  +10 +403  1,868 +612 +719 +770  +1,081 
FOOD  1,139  +4 +24 656 +38 +35 +36 +21 
SERV  1,674  +6 +20 560 +30 +27 +29 +19 
Private 
households  5,342 +14 +62  1,901 +63 +55 +63 +40 
Total  41,780  -526 -1,331  41,780 -7,371 -8,097 -9,397  -11,386 








the  two  ETS  sectors  ELY  and  EIS  as  well  as  the  non‐ETS  sector  TRN  and  in  the  more 









Table 5-19: Sectoral carbon leakage rates 
  ETS_EU  NETS_EU PK_L  PK_H  IPCC_L  IPCC_H 
            
  Leakage rate relative to BAU 2020 
P_C  -47%  -67% -33%  -36%  -34%  -41% 
ELY  -35%  -36% -12%  -11%  -10%  -9% 
EIS  -70%  -102% -54%  -45%  -36%  -25% 
COA  -75%  -46% -67%  -49%  -45%  -16% 
OIL  +246%  -22% -14%  -14%  -13%  -11% 
GAS  -370%  -26% -11%  -11%  -10%  -8% 
NEIS  -14%  -17% -10%  -7%  -4%  +7% 
TRN  -43%  -76% -31%  -34%  -33%  -39% 
FOOD  -23%  -20% -10%  -8%  -8%  -4% 
SERV  -16%  -13% -4%  -4%  -4%  -2% 
Private 
Households  +10%  -14% -4%  -3%  -3%  -2% 





sector  as  well  as  the  primary  energy  sectors  (COA,  OIL,  GAS)  can  be  traced  back  to  the Carbon Content of Austrian International Trade 
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intermediate input character of theses commodities in the ETS production. Therefore lower 
ETS  production  in  abating  regions  triggers  lower  intermediate  inputs,  resulting  in  lower 
emissions also within these intermediate sectors (and in opposite direction in non‐abating 
regions). 





therefore  domestically  reduced  emissions  cannot  be  shifted  across  borders  in  such  high 
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Table 6-1: CO2 price in ETS sectors in Europe 
 ETS_EU  ETS_EU 
   non-uniform 
AUT 181  190 
GER 181  218 
ITA 181  159 
WEU 181  225 
SEEU 181  108 






EU  wide  CO2  permit  market  enhances  the  efficiency  of  climate  policies  by  allowing  CO2 
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Table 6-2: Output and trade effects of BTA and a non-uniform carbon price for Austria 
  Base  2020  ETS_EU ETS_EU ETS_EU NETS_EU  NETS_EU 
     with BTA  non-uniform    with BTA 
  in MUSD  Change relative to BAU (in %) 
GDP         
Consumption 249,122  -0.68% -0.67% -0.71% -1.77% -1.76%
Investment 103,133  -0.63% -0.64% -0.63% -1.50% -1.51%
Government 79,337  -0.68% -0.67% -0.71% -1.77%  -1.76%
Trade balance  -17,146  -0.29% -0.21% -0.28% +18.45% +18.48%
GDP total  414,446  -0.69% -0.68% -0.71% -2.54%  -2.54%
growth rate  2,21  2.16 2.16 2.16 2.04  2.04
Output    
ETS total  82,651 -5.18% -4.95% -5.59% -8.09% -7.87%
non-ETS total  706,512 -0.59% -0.62% -0.59% -2.52% -2.55%
Output total  789,163  -1.07% -1.07% -1.12% -3.11% -3.11%
Export    
ETS total  32,805 -6.25% -6.00% -7.39% -8.44% -8.20%
non-ETS total  138,444 -0.36% -0.47% -0.29% -4.12% -4.23%
Export TRANS  10,186  -0.03% -0.19% +0.09% -10.82% -10.96%
Export total  181,435  -1.40% -1.46% -1.55% -5.28%  -5.32%
Import    
ETS total  37,537 -3.51% -3.76% -4.23% -7.01% -7.25%
non-ETS total  157,332 -0.78% -0.77% -0.78% -2.30% -2.29%
Import TMG  3,711  -1.26% -1.41% -1.11% -4.42%  -4.56%












increasing  exported  ETS  emissions  compared  to  ETS_EU  are  counterbalanced  by  the 
diminishing  non‐ETS  emissions  as  well  as  diminishing  emissions  delivered  to  the  global Carbon Content of Austrian International Trade 
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transport  market  (TRANS),  indicated  in  Austria’s  CO2  emission  balance  (Table  6‐3).  For 
emissions embodied in Austrian imports, the extra emission reduction of protective measures 
can mainly be attributed to decreasing CO2 imports connected to ETS commodities.  
Table 6-3: CO2 effects of BTA and a non-uniform carbon price for Austria 
   Base 2020  ETS_EU  ETS_EU  ETS_EU  NETS_EU  NETS_EU 
   Mt CO2     with BTA  unilateral     with BTA 
    change relative to BAU 2020  (in %) 
CO2 PrivHH  28.22  +4.86%  +4.94% +5.20% -35.42% -35.39% 
CO2 Output  78.75  -17.19%  -17.19%  -17.70% -39.54% -39.53% 
PBP 106.97  -11.37%  -11.35%  -11.66% -38.45% -38.44% 
CO2 IM-EX  13.76  -12.43%  -13.23% -10.20% +30.59% +29.72% 
CBP 120.74  -11.49%  -11.56%  -11.49% -30.58% -30.67% 
CO2 Output           
ETS total  37.11 -31.89%  -31.85%  -32.91% -32.36% -32.32% 
non-ETS total  41.63 -4.08%  -4.12%  -4.14% -45.94% -45.96% 
total 78.75  -17.19%  -17.19%  -17.70% -39.54% -39.53% 
CO2 Exports           
ETS total  10.12 -31.13%  -31.05%  -33.34% -31.40% -31.31% 
non-ETS total  10.06 -3.42%  -3.52%  -3.38% -48.90% -48.95% 
CO2 TRANS  5.24  -1.26%  -1.41%  -1.14% -39.29% -39.38% 
total 25.41  -14.01%  -14.04%  -14.84% -39.95% -39.95% 
CO2 Imports           
ETS total  19.41 -22.92%  -23.63%  -22.43% -22.99% -23.70% 
non-ETS total  16.17  -4.77%  -4.61%  -4.83% -5.57% -5.40% 
CO2 IM TMG  3.60  -1.42%  -1.63%  -1.16%  -16.16%  -16.37% 
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Table 6-4: Global CO2 effects of BTA (in Mt CO2) 
  BAU  ETS_EU  ETS_EU_bta 
       
CO2 emissions       
  policy regions  6,106  5,069  5,069 
  non-policy regions  35,674  36,185  36,181 
Total  41,780  41,254  41,250 
Change relative to 2020     
  policy regions     -1,037  -1,037 
  non policy regions     +511  +507 
Total     -526  -530 
Leakage rate 2020     -49.3%  -48.9% 
 
Since the debate on carbon leakage in combination with compensation measures has a strong 
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– is weighed against its negligible effect on global CO2 emissions, the appropriateness of BTA 
measures  have  to  be  questioned.  Thus,  one  of  the  claims  held  by  proponents  of  trade 
measures that BTA reduces carbon leakage cannot be confirmed within our current model 
strucuture. To derive necessary characteristics of BTA to ensure their effectiveness, would 
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Both  unilateral  EU  and  internationally  coordinated  climate  policies  affect  Austrian 
international trade stronger than its domestic production 
In  scenario  ETS_EU,  the  European  Union  implements  an  emissions  trading  scheme  in  the 
energy intensive sectors (ETS sectors, namely P_C, ELY, EIS) only, but the other countries do 
not limit their emissions. This leads to a reduction in Austrian GDP by 0.7% relative to BAU, and 
Austrian  exports  and  imports  decline  by  1.5%  and  1.3%  respectively.  When  the  European 
Union extends its climate policy also to the non‐ETS sectors and households but the other 
Annex I countries still do not reduce their emissions, effects on GDP, exports and imports are 













targets  than  under  all  other  scenarios.  Austrian  imports  are  slightly  less  affected  than  its 
exports. Due to the higher openness to trade of the ETS sectors, ETS imports are affected more 












ETS_EU  where  the  non‐ETS  sectors  and  the  households  are  not  committed  to  reduction 
targets.  However,  the  carbon  trade  balance  (emission  from  export  minus  emissions  from 
import)  worsens  –  emissions  from  Austrian  exports  decline  more  than  emissions  from  its 
imports,  due  to  a  shift  in  trade  partners  and  a  shift  from  imports  of  ETS  to  non‐ETS 
commodities. It is striking, that the emissions embodied in imported non‐ETS commodities 




























substantial  role  to  halt  carbon  leakage  and  to  thereby  achieve  a  stabilization  of  carbon 
emission on a global scale.  
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